Pain related problems are one of the important issues in medicine and pain after surgery is an unfavorable experience in human being. One goal is to relieve the patients' pain. Acute pain after surgery is one of the most common, but important kinds of pain[@ref1] and arthroscopic anterior cruciate ligament (ACL) reconstruction is one of the most common surgical procedures that is done daily in all over the world and is accompanied by pain which can be the most important cause in preventing patients' rehabilitation.[@ref2] Thus, finding the most effective treatment is very important. Some common examples of complications from pain stimulation after surgery are thromboembolism, myocardial ischemia, atelectasis, etc.[@ref3] There are several different methods for treating patient\'s pain after surgery and opioids is one of the most common used drugs for reduction of pain.[@ref4]--[@ref6]

Morphine and other Opioids are the most effective forms of medicine that are used in relieving pain, but over dosage of these drugs can lead to symptoms such as addiction, respiratory arrest particularly in children and increased drug tolerance.[@ref7] Today, one of the best recommended methods of relieving pain is the administration of a combination of drugs (multimodal analgesia) that includes synergism effects of multiple drugs with a minimum administration dose.[@ref8] Numerous studies showed analgesic effects of only opioids or combination with other local anesthetic drugs in arthroscopic ACL reconstruction.[@ref9][@ref10] Morphine, methadone and pethidine were used as intra-articular injections.[@ref8][@ref10]--[@ref12] Intra-articular morphine dosage was reported in different ranges.[@ref5][@ref6][@ref11][@ref12] Morphine is the most common used analgesic agents after major surgery and its half life is about 2 hours. If it used intra-articularly, its analgesic effects would last for 24 hours. Methadone is a synthetic long acting anesthetic agent with high activity on opioid receptors and its half-life is about 35 hours and highly linked to plasma protein. After intra-articular injection of methadone, its analgesic effects last for 24 hours.[@ref5] Pethidine is an anesthetic opioid drug, its half-life is about 4 hours, has lower affinity to protein linkage and higher cause of convulsion than morphine. After intra-articular injection of pethidine, the duration of anesthetic effect lasts about 12 hours and the patient\'s need is diminished.[@ref6] Tramadol is an analgesic drug which is weaker than morphine and has higher side effects than morphine. Its half-life is about 6-7.5 hours. Its analgesic effect lasts about 6 hours[@ref9] and it has not been used as an intra-articular injection in any previous research. Bupivacaine is an anesthetic agent that can be used sometimes with epinephrine and its effects last for 4-6 hours.[@ref6]

There is not any research about comparison of the effects of intra-articular injection of morphine, pethidine, methadone and tramadol. The aim of this study was to compare the effects of intra-articular injection of morphine, pethidine, methadone and tramadol with bupivacaine in pain relief after ACL reconstruction and control group (normal saline).

Methods {#sec1-1}
=======

This study was a controlled double blind randomized clinical trial based on random number table. All patients that needed arthroscopic ACL reconstruction from 2006 to 2009 and referred to the university hospital were enrolled in this study. All patients signed an informed consent form after approval of ethical committee (NO: 3-2-58, 3-2-2006) and registered in IRCT (NO: IRCT201106102341N4). Of 178 patients 28 were excluded since they did not take part in follow-up because came from another town or used intra-operation tourniquet that intervened with the intensity of pain due to ischemic muscles during operation. The remaining 150 patients were entered the study and classified into one of the 5 groups, randomly. The groups were named morphine group, methadone group, pethidine group, tramadol group, and control group (normal saline group). 30 patients were included in each group.

Inclusion criteria were as follows:

1-ASA~I~ or ASA~II~ class of American Society of Anesthesiologist2-Age of 18-55years3-Tolerance to general anesthesia and signed the informed consent

Exclusion criteria were as follows:

1-History of allergic reaction to administered drugs2-History of drug abuse3-History of chronic pain4-History of pregnancy or breastfeeding5-Need for drainage tube after surgery6-Consumption of MAOI agent that can lead to meperidine syndrome[@ref5].7-Use of preoperative opioids or other analgesic drugs

All of the patients had a standard anesthesia in four hour intervals after surgery by administration of thiopental sodium 5 mg/kg for induction of anesthesia followed by 60% air/oxygen (O~2~) with isoflurane 1% to 2% end-tidal volume. For maintenance anesthesia they received fentanyl 3 mcg/kg IV. After induction and based on Visual Analogue Scale (VAS),[@ref13] pain intensity and level of need and response to analgesics were measured and recorded. Need and response to analgesics were evaluated by VAS.[@ref14]

When required analgesics each group received 0.5% bupivacaine with 1:200,000 epinephrine and analgesics as below: morphine group 5 mg morphine, methadone group 5 mg methadone, pethidine group 37.5 mg pethidine, and tramadol group 100 mg tramadol.

Control group received 0.5 ml normal saline.[@ref6]

The contents of syringe were unknown for surgeon, anesthesiologist and patients. They were prepared by a pharmacist and each syringe had a unique number that only after data collection and analysis, it was distinguished. After surgery, administered pain killers were intravenous morphine and codeine tablet based on need of patients and when VAS was more than 3. 10 mg morphine sulfate is equivalent to 10 mg methadone hydrochloride, 100 mg pethidine hydrochloride, 100 mg tramadol and 200 mg codeine.[@ref5][@ref6] Patients' needs to analgesics were recorded every 4 hours using VAS by another surgeon. All of the patients were discharged the day after arthroscopic surgery with administration of codeine tablet. The amount of pain killers given to each patient was recorded for 7 days. All patients had undergone a similar physical therapy. After data was collected, they were analyzed by SPSS 16 software with chi-square, Kruskal -- Wallis and ANOVA statistical tests. When ANOVA test showed significant differences among the groups, Tukey test was used for showing the differences. 7 milligram difference in morphine equivalent and 8 milligram difference in standard deviation among the groups assumed significant and meaningful difference. p - value \< 0.05 was considered significant.

Results {#sec1-2}
=======

The age range was 18 to 55 years old with average of 28.7±7 years old. Morphine group had greater average age than other groups (p \> 0.67). 37 (24.6 Percent) patients were female. There was no difference between sex ratios among the groups (p \> 0.71). Demographic data results are presented in [Table 1](#T1){ref-type="table"}.

###### 

Demographic data
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The needs to analgesics were measured after arthroscopic ACL reconstruction surgery in five groups and the results are presented in [Table 2](#T2){ref-type="table"}.

###### 

Comparison of average need to analgesics after arthroscopic ACL reconstruction in the study groups
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In comparison of the mean and standard deviation of the need to analgesics after arthroscopic surgery in 5 groups, Kruskal--Wallis, ANOVA and Tukey statistical tests were used and there were significant differences among the groups for need to analgesics. In other words, placebo group needed the highest dosage of analgesics and morphine and methadone groups needed the lowest dosage of analgesics. Postoperative pain scores based on the VAS (visual analogue scale) in three different times after operation (the first, the second and the third 4 hours after surgery) in five groups were measured and shown in [Table 3](#T3){ref-type="table"}.

###### 

Comparison of pain after arthroscopic ACL reconstruction surgery in the study groups based on the VAS scale
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ANOVA and Kruskal-Wallis test showed significant difference in intensity of pain among 5 groups. Tukey test showed the highest and the lowest significant pain intensity in placebo and morphine groups, respectively, in the first, second and third 4 hours after surgery. Responses of pain to analgesics in three different times in 5 groups were measured and are presented in [Table 4](#T4){ref-type="table"}.

###### 

Comparison of the different opioids consumption In 5 groups after arthroscopic ACL reconstruction surgery
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Kruskal-Wallis test showed significant differences in pain response to analgesics among five groups. Tukey test showed that morphine and methadone groups had maximum and minimum response to pain, respectively, in the first, second and third 4 hours after surgery.

Discussion {#sec1-3}
==========

This study was a clinical trial performed to compare the effects of intra-articular injection of morphine, methadone, pethidine and tramadol with normal saline (placebo) after arthroscopic ACL reconstruction surgery. Many studies that have been done in the past showed their analgesics effects in reducing pain after surgery. For example, David J. Stewart in 2005 showed that analgesic effect on intra-articular injection reduced pain after primary arthroscopic ACL reconstruction ligament. In his study, 25 patients received 5 mg methadone, 25 patients received 5 mg morphine and 15 patients received 5 mg saline solution (control group) and the results showed that morphine group had a less pain scale and needed less administration of analgesics in the first 24 hours after surgery, but there was not a significance difference between the methadone and the control groups.[@ref15] Results of our study were similar to that of a recent study occurred in 2011 by Lykoudi on patients after knee arthroscopic surgery, which compared intra-articular morphine and control group. The results showed that pain was less severe in the group that received morphine compared with the control group, 24 hours after surgery.[@ref16] In another study by Kligman in 2004 that was conducted on 50 patients, the effect of intra-articular morphine injection was compared with intrasynovial injection after knee arthroscopy meniscectomy. In that study, 25 patients received 1 mg intrasynovial morphine injection and the other 25 patients received 1 mg intra-articular morphine injection after arthroscopy. The results showed significant differences in pain scale in the first 12-24 hours after arthroscopy in both groups, but there was less pain in 12-24 hours after arthroscopy in the group that received intrasynovial morphine.[@ref17] Intrasynovial injection, despite its more effectiveness than intra-articular morphine in meniscectomy is not effective in ACL reconstruction. Another study on the effect of intra-articular morphine injection after knee surgery to relieve the pain was conducted and evaluated by Kalso E. in 2002 on 1,500 patients. In that study, 900 patients after knee surgery, received 5 mg intra-articular morphine and 600 patients as control group received 5 mg saline solution. The results showed that morphine group had less pain than the control group in the first 24 hours after surgery.[@ref18] The results of this study are similar to that of a recent study. In most studies, to review of the effects of analgesics for reduction of postoperative pain, especially knee surgery, only the effect of morphine were evaluated, and other analgesics were not evaluated. Other analgesics than morphine may have more or less similar effectiveness and were more accessible than morphine. Intra-articular injection of opioids had long term pain relieving effects and this period of pain relieve is different and is variable between 8 to 24 hours for different opioids.[@ref16] Opioid receptors have been proved to be in central and peripheral nerves. Two responsible mechanisms for local administration of analgesic opioids are removal of the neural sheath in the ends of nerves that allow easy access to opioids in the neural receptors and inflammation that causes activation of the inactive opioids receptor.[@ref19] Both of these mechanisms after knee surgery are responsible for the analgesic opioids function. In addition, studies have shown that intra-articular opioid drugs compared to intravenous injection, lead to better pain relief and the patient\'s need to analgesics would be reduced in this method.[@ref19]--[@ref22]. Another factor that can influence the efficacy is dosage. High-dose opioids affect the central nervous system. In a recent study, 5 mg dosage of morphine and morphine equivalent for other analgesics were considered because the effects of this dosage of analgesics on CNS were negligible. The significant and far from expected results of the recent study showed lack of significant pain relief of methadone and pethidine. Although the two mentioned drugs have function similar to morphine and their pain relief effect is like morphine in stimulating opioids receptors. One of the possible reasons for differences between morphine and other opioids in this study is the differences between pharmacokinetics properties of them. Morphine molecules can probably reach to its peripheral receptor in a low concentration and easy way than two other drugs.[@ref23] Tramadol is more effective for mild to moderate pain. Also, 5 mg equivalent dosage of morphine is high and thus, a lower dosage of this drug is tolerated by the patient. However, it is less efficient than morphine. However, 5 mg methadone did not show any complication in this study in respect to morphine and equivalent dosage of other analgesics but was less effective than morphine, and as it appears from the result, this dosage of intra-articular injection opioids in human would be safe. This study showed that 5 mg dosage of morphine for reducing the need to analgesics was very useful, but this effect was significant only in the first 12-24 hours after surgery, and perhaps was due to its significant improvement of inflammatory reactions after this period. Results of this study about methadone were less than predications. While it was expected to have at least a morphine equivalent or more effect, this effect was probably due to relationship between maximum dosages of methadone with pain relieving effect of morphine.

Equivalent dosage of sedative effects of pethidine for pain relief was not sufficient after knee arthroscopic surgery and it needs more evaluation in future studies. The effect of equivalent dosage of tramadol was not significant in pain relief compared with other analgesics.

Conclusion {#sec1-4}
==========

Considering the results, unlike methadone, pethidine and tramadol did not have significant long-term efficacy on pain relief after knee surgery. 5 mg intra-articular morphine was preferable, safe and useful and its use with bupivacaine is recommended for pain relief after knee surgery.
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